Abstract. Glioblastoma multiforme (GBM) is the most common and malignant type of glioma, with a poor prognosis for patients. The survival time of patients varies greatly due to the complexity of the human genome, which harbors diverse oncogenic drivers. In order to identify the specific driving factors, 325 glioma samples from the Chinese Glioma Genome Atlas (CGGA) database were analyzed in the present study. The level of RELB proto-oncogene, NF-κβ subunit (RELB) expression increased with the pathological grade progression of the gliomas, and higher expression levels were present in the mesenchymal subtype and isocitrate dehydrogenase 1 (IDH1) wild-type gliomas. This RELB expression pattern was identified in the CGGA database and observed in three large independent databases. In patients with GBM from the CGGA database, a higher RELB expression level was associated with a shorter survival time, a mesenchymal subtype and IDH1 wild-type gliomas. Kaplan-Meier survival analysis, survival nomograms and Cox analysis demonstrated an independent prognostic value for RELB expression. Moreover, biological function analysis indicated the association of RELB with the 'immune response', 'cell activation' and the 'apoptotic process'. In addition, RELB expression levels exhibited a negative correlation with the levels of microRNA (miR)-139-5p and miR-139-3p. The present study identified the pathological and biological roles of RELB in glioma and revealed its independent prognostic effect. These results suggested that RELB may be used as a prognostic biomarker and potential therapeutic target in glioma.
Introduction
Glioma is the most common and lethal type of intracranial tumor, accounting for ~46% of intracranial tumors (1) . The World Health Organization (WHO) classifies glioma into four grades according to the density and polymorphism of the cancer cells, from grade I to IV as the malignancy increases (2) . Patients with gliomas of the low and high grades have significantly different outcomes (3) . Glioblastoma multiforme (GBM), defined as grade IV glioma, is the most lethal form among all of the grades. Despite receiving standard treatment including surgery, radiation and chemotherapy, patients with GBM have a median survival time of 14.4 months and a five-year survival rate of 10% (4, 5) . The survival time of patients varies greatly due to the complexity of the human genome, which harbors diverse oncogenic drivers (6, 7) . Therefore, identification of specific tumor-related molecular markers based on the pathogenesis and development of glioma may aid individual treatment and prognosis evaluation.
Nuclear factor κβ (NF-κβ) proteins are a family of transcription factors that play central roles in a wide range of biological processes, including cell survival and inflammatory and immune responses (8) . The five mammalian family members, consisting of RELA proto-oncogene NF-κβ subunit (RelA), RELB proto-oncogene NF-κβ subunit (RelB), REL proto-oncogene NF-κβ subunit, NF-κβ subunit 1 and 2, share a conserved Rel homology domain that mediates dimerization and DNA binding (9) . Previous studies have mainly focused on the canonical NF-κβ signaling pathway mediated by RelA-containing dimers and have demonstrated its important role in regulating cancer invasion and progression (10) (11) (12) . The noncanonical NF-κβ signaling pathway, which has been more recently described, is mediated by RelB-containing dimers and regulates important biological processes, including B-cell survival and maturation, dendritic cell activation and lymphoid organogenesis (13) . Although NF-κβ pathways have been extensively investigated, the specific roles of individual NF-κβ proteins in tumorigenesis are not well understood. A previous study suggested the correlation between RELB and breast cancer (14) . However, the expression characteristics of RELB and its effect on the prognosis of patients with glioma RELB: A novel prognostic marker for glioblastoma as identified by population-based analysis In the present study, the expression levels of RELB in glioma samples in the Chinese Glioma Genome Atlas (CGGA; www. cgga.org.cn) database, as well as its prognostic value, were investigated. Furthermore, the biological functions of RELB and related microRNAs (miRNAs/miRs) were analyzed. The current study provided a novel insight into the development of glioma and identified RELB as a prognostic biomarker and potential therapeutic target.
Materials and methods
Patients and samples. The CGGA database was used as the discovery set in the present study. The establishment and management of the dataset were described in a previous study (15) . The CGGA RNA sequence dataset consisted of 325 samples, including 109 grade II samples, 72 grade III samples and 144 grade IV samples. Of the 144 GBM samples, 6 samples were lost to follow-up; therefore, 138 samples were included in the survival analysis. The patients with GBM were followed up every 3 months. A further three databases were used as validation sets, which included The Cancer Genome Atlas RNA sequencing database (TCGA; http://cancergenome.nih.gov), the GSE16011 mRNA microarray database (16) (http://www.ncbi.nlm. nih.gov/geo/query/acc.cgi?acc=GSE16011) and the mRNA microarray data of the Repository for Molecular Brain Neoplasia Data (REMBRANDT; http://caintegrator-info.nci. nih.gov/rembrandt). The four databases were normalized.
Statistical analysis. Differences in variables between groups were evaluated using the student's t-test or the one-way analysis of variance (ANOVA) followed by the Holm-Sidak test. Kaplan-Meier survival curves were generated in order to estimate survival distributions, and the log-rank test was used to assess statistical significance between the groups. Univariate and further multivariate Cox regression analyses were performed to assess the prognostic value of RELB in patients. The HR and 95% CI were calculated. A nomogram was formulated based on the results of the multivariate Cox regression analysis. The 'total points' in the nomogram, which is the sum of the individual point value of each clinical factor, may be used to predict patient survival time. Receiver operating characteristic curves were constructed to determine the predictive effects of RELB expression for diagnosis. Gene ontology (GO) analysis of the RELB expression level-related genes was performed using the online Database for Annotation, Visualization and Integrated Discovery (DAVID; http://david.ncifcrf.gov). Correlations between miRNAs and RELB were analyzed by Pearson's correlation in our CGGA miRNA microarray database. All statistical analyses were conducted using GraphPad Prism (version 5.0; GraphPad Software, Inc., La Jolla, CA, USA), SPSS (version 16.0; SPSS, Inc., Chicago, IL, USA) or several packages of R statistical software (version 3.2.1, https://cran.r-project. org/src/base/R-3/R-3.2.1.tar.gz), such as 'pheatmap' (17) , 'circlize' (18) and 'rms' (19) . P<0.05 was considered to indicate a statistically significant difference.
Results
Analysis of RELB expression in patients with glioma. In total, 325 samples containing RNA sequencing data were collected from the CGGA. The clinical characteristics of the patients in the CGGA dataset are summarized in Table I . The clinical characteristics of the patients in the other three datasets are summarized in Tables II-IV. Gene expression characteristics of RELB in CGGA database were comprehensively analyzed. The results demonstrated that the levels of RELB expression increased with the pathological grade of gliomas. The highest expression level was identified in grade IV gliomas, and the lowest expression level was exhibited by grade II gliomas (Fig. 1A) . Grade I gliomas were not included in the present study as patients with grade I gliomas have the lowest degree of malignancy and a good prognosis. Based on the TCGA subtype classification system (20) , the mesenchymal subtype exhibited the highest expression level of RELB, while the neural subtype had the lowest (Fig. 1B) . As the somatic mutations of isocitrate dehydrogenase 1 gene (IDH1) occurred in a majority of malignant gliomas and may be used as a prognosis indicator (7), the correlation between RELB expression levels and IDH1 mutations was investigated. RELB expression levels in patients harboring wild-type IDH1 were increased compared with patients with mutant IDH1 (Fig. 1C) . The aforementioned expression characteristics of RELB were validated in TCGA 
RELB is a predictive marker in patients with GBM.
The expression characteristics of RELB in patients with GBM from the CGGA dataset were further analyzed. Of the 144 GBM samples, 6 samples were lost at follow-up; therefore, 138 samples were included in the survival analysis. Kaplan-Meier survival analysis was used to evaluate the relationship between RELB expression and the prognosis of patients. Half of the patients with relatively high RELB expression had a significantly shorter survival time than those with low RELB expression (P<0.05; Fig. 2A) . Additionally, the characteristics of RELB expression in patients with GBM were the same as those concluded from the four independent databases. The expression levels of RELB were higher in the mesenchymal subtype (Fig. 2B ) and IDH1 wild-type gliomas (Fig. 2C ) compared with the corresponding control groups (P<0.01). The area under the curve for RELB expression levels as a predictor of one-year survival, mesenchymal subtype and IDH1 wild-type in the CGGA dataset was 0.591 ( Fig. 2D) , 0.870 (Fig. 2E ) and 0.736 (Fig. 2F) , respectively.
In order to further identify the prognostic value of RELB in patients with GBM, the Cox proportional hazards model was used (Table V) . O 6 -methylguanine-DNA methyltransferase (MGMT) promoter methylation status is a prognostic and predictive factor for patients with GBM (4), and was therefore analyzed in the current study. The results of the univariate analysis demonstrated that age, RELB expression level, radiotherapy, chemotherapy and MGMT promoter methylation status affected the overall survival (OS) of patients (P<0.05), while sex was not a significant factor (P>0.05). Subsequently, multivariate Cox proportional hazards analysis of the aforementioned significant influencing factors was conducted. The expression of RELB was demonstrated to be an independent effective factor in the survival time of patients with GBM (P<0.05) and could be used independently to predict the prognosis of patients with GBM. In order to facilitate the utilization of RELB expression, different nomograms of survival time were plotted that incorporated the RELB expression level and the aforementioned clinical information (Fig. 2G) . The results showed that RELB expression contributed the most risk points (range, 0-100), whereas the other clinical information had smaller contributions. 
-------------------------------------------------------------------------------------------------------------------------------------------------

RELB-related biological processes in patients with GBM.
In order to investigate the biological processes associated with RELB expression in patients with GBM, Pearson's correlation analysis was performed between RELB expression and other genes in the dataset. In total, 766 significant positively correlated genes (r>0.5) were identified and used for subsequent GO analysis using the DAVID website. The genes that positively correlated with RELB expression were involved in the 'immune response', 'cell activation', 'apoptotic process' and 'cell adhesion' (Fig. 3A) . The association between RELB and immune checkpoint genes in glioma was analyzed and that PD-1, B7-H3, TIM3 and PD-L1 were positively correlated with RELB expression (Fig. 3B) (21) .
Correlation between RELB expression and miRNA levels in patients with GBM. In order to investigate the correlation between RELB and miRNA, 829 candidate miRNAs were analyzed in patients with GBM from the CGGA dataset. The results showed that an increased RELB expression was associated with the decreased expression of miR-139-5p and miR-139-3p (P<0.0001), which were the most negatively correlated with RELB expression (Fig. 4) .
Discussion
GBM is the most common and lethal type of brain tumor, in which cancer cells penetrate the adjacent normal tissues with no definite range. Current therapeutic approaches, including surgery, radiotherapy and chemotherapy, do not achieve satisfactory results (22) . Genome differences in patients make a difference in prognosis. Therefore, it is necessary to identify effective and differential molecular markers in order to assist with the accurate prognosis of patients. An in-depth study of cancer development revealed that NF-κβ transcription factors participate in a wide variety of biological processes, including inflammation, apoptosis and proliferation (23) . Therefore, clarifying the individual role of key NF-κβ subunits in cancer may aid the development of novel therapeutic agents. Negative correlation between the expression levels of RELB and miR-139-5p/miR-139-3p. Increased RELB expression levels were associated with decreased expression levels of miR-139-5p and miR-139-3p. RELB, RELB proto-oncogene, nuclear factor κβ subunit; GBM, glioblastoma multiforme; miR, microRNA; CGGA, Chinese Glioma Genome Atlas.
The present study focused on RELB, a member of the alternative NF-κβ signaling pathway, which was initially identified as a regulator of the adaptive immune response (24) . A previous study revealed that abnormal activity of RELB serves a role in the development of solid tumors and hematopoietic malignancies (25) . In breast cancer, high RELB expression was demonstrated to confer more highly invasive phenotypes (26) , and inhibition of RELB decreased proliferation (27) . In prostate cancer, high RELB expression was observed to enhance cell growth and exert a radioprotective role in cancer cells (28, 29) . According to these studies, RELB exerts a tumor-supportive role in a several types of cancer. In glioma cells, RELB promoted cell survival and invasion (30, 31) . However, these studies were conducted in cell lines or animal models and not based on human clinical specimens. In the present study, the pathological and biological role of RELB in glioma was investigated in a large number of Chinese patients.
In the present study, RELB expression was identified to be upregulated in higher stage gliomas, mesenchymal subtypes and IDH1 wild-type gliomas in four independent databases, indicating the association of RELB expression levels with oncological biological processes. Based on RNA-sequencing analysis of patients with GBM, RELB may serve as an indicator of mesenchymal subtype and IDH1 wild-type gliomas. Moreover, high expression of RELB predicted a significantly shorter survival time for patients with glioma. The independent prognostic value of the RELB expression level was observed via multivariate analysis (P<0.05).
RELB is involved in regulating the biological activities of cancer cells. Cormier et al (32) reported that RELB activation was important for promoting the survival of multiple myeloma cells through the upregulation of anti-apoptotic proteins. Ge et al (33) revealed that RELB was associated with the levels of certain key regulators in endometrioid adenocarcinoma, and that high RELB expression levels may lead to endometrial cell tumorigenicity. In order to elucidate the role of RELB in the progression of glioma, biological functional annotation of RELB-related genes was performed in the present study. The GO analysis showed that RELB was mainly related to 'apoptotic processes' and 'cell adhesion' in patients with glioma. High expression of RELB may increase the adhesion, invasion and proliferation of cancer cells, inhibit apoptosis of cells and lead to the progression of glioma. In addition, the results also demonstrated an association between RELB and the immune response in patients. The findings of the present study are consistent with the results of previous studies (32, 33) . The NF-κβ family regulates a number of processes, ranging from the development and survival of lymphocytes and lymphoid organs to the control of immune responses and malignant transformation (34, 35) . RELB is involved in dendritic cell maturation and immune tolerance to inflammation (36, 37) . The GO term analysis results of the present study identified that RELB regulates the immune process in patients with glioma, including the immune response, the interferon-gamma-mediated signaling pathway and leukocyte migration. The expression levels of PD-1, PD-L1, TIM3 and B7-H3 were positively correlated with the expression level of RELB in the present study, suggesting that RELB may be associated with immune checkpoints (38) . miRNAs are small non-coding RNA molecules that regulate a large variety of biological processes in sequence-specific manners (39) . miRNAs destabilize the target mRNAs or suppress their translation in order to regulate gene expression (40) . Aberrantly expressed miRNAs were demonstrated to serve as oncogenes or tumor suppressors in cancer (41) . The present study identified a negative correlation between the expression level of RELB and that of miR-139-3p and miR-139-5p. miR-139-3p and miR-139-5p are derived from pre-miR-139 and serve roles in the development of cancer. Sun et al (42) reported that ectopic expression of miR-139-5p significantly suppressed cell growth and metastasis through inhibition of cyclin D1 and matrix metalloproteinases in non-small cell lung cancer. Additionally, previous studies indicated that miR-139-5p has antitumor effects in several types of cancer (43, 44) . Previous studies revealed that miR-139-3p was involved in the carcinogenesis and development of various types of cancer (45, 46) . Huang et al (47) investigated the mechanism of miR-139-3p in the progression of cervical cancer and revealed that miR-139-3p inhibited cell proliferation and induced cell apoptosis through downregulation of NIN1 (RPN12) binding protein 1 homolog expression. As miR-139-5p and miR-139-3p have demonstrated anticancer effects, their downregulation may contribute to the progression of cancer. This is consistent with the results of the analysis of patients with glioma in the present study. Decreased expression of miR-139-5p and miR-139-3p may result in the upregulation of RELB, which, based on the GO term analysis results, may subsequently induce the proliferation, migration and progression of glioma cells and lead to a poor prognosis in patients. A limitation of the current study was that the effects of RELB were not demonstrated experimentally. Future studies are required to investigate the effects of the expression levels of RELB in vitro and in vivo. The RELB related pathway which take part in the progression of glioma was also interesting. It is a further investigation.
In summary, the present study identified the expression patterns and biological functions of RELB in patients with glioma. RELB expression levels are increased in patients with the mesenchymal subtype and wild-type IDH1, resulting in a shorter OS. RELB may therefore be used as an independent prognostic indicator in patients with glioma. In addition, the activity of RELB was found to be associated with the immune response, apoptosis and cell adhesion of cancer cells. Furthermore, the expression levels of RELB displayed a negative correlation with miR-139-5p and miR-139-3p. The results obtained in the current study suggested that RELB may be a novel and promising prognostic marker or therapeutic target for patients with glioma.
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